Objective. To determine if a history of severe episodic low back pain (LBP) correlates with positive discography.
Introduction
Low back pain is a common cause of disability. Multiple structures have been identified as pain generators within the lumbar spine. The anatomic structure most commonly identified as the etiology of chronic low back pain is the intervertebral disc [1,2].
Treatments for low back pain differ considerably based upon the pain-producing structure. Identifying discogenic pain often requires an invasive test called provocation discography. A needle is inserted into a suspected painful disc(s) as well as a suspected control disc to determine if pressurization of the disc elicits a painful response similar to the patient's typically perceived pain. Although controversial, discography performed under The Spine Intervention Society guidelines is supported as a valid test for discogenic pain [3, 4] .
Discography is considered an invasive test with small but known risks such as discitis [4] . Although disputed [3] , there is concern regarding future detrimental effects to the disc itself caused by discography, which has been highlighted in recent studies [5, 6] . Unfortunately, identifying discogenic pain for surgical planning or other reasons without discography has proven difficult. There are few findings on history and physical exam that help physicians identify the offending anatomic structure, and advanced imaging has limited value in providing diagnostic information [3, 4, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] .
One of the most common historical features presumed to indicate a discogenic source of low back pain is a severe episodic nature of the symptoms [17] . Unfortunately, this notion is void of any scientific evidence. The purpose of this study is to determine if a history of severe episodic low back pain correlates with positive provocation discography.
Methods
This study was approved by an independent institutional review board (IRB), Sterling IRB (ID #5415). No external funding was received. The study was performed as a retrospective chart review of the authors' private practice electronic medical record (EMR). An EMR report was generated to identify all patients who underwent a discogram procedure from January 1, 2012, through February 3, 2016. For each identified patient who underwent a discography procedure, a chart review was performed to identify the historical characteristics of the patient's low back pain.
Chart Review
Prior to the chart review, the investigators agreed upon historical criteria that would place a patient into one of three categories, episodic, nonepisodic, and unable to be classified. Specifically, the initial office visit note and the patient-completed intake forms were reviewed in detail regarding the patient's description of the historical characteristics of the pain.
The data was collected by three of the authors, DL (physician), SH (physician), and DC.
The historical low back pain criteria were defined and categorized as follows:
Episodic: Pain that began with a severe episodic character defined as intermittent disabling episodes lasting longer than two days. Periods of remission must occur with little to no pain (at least one month) between the severe painful episodes. Multiple (at least three) severe episodes must have occurred before the pain became continuously moderate to severe. The episodes may have been initiated by triggers. These triggers must be within the realm of activities and positions not felt to typically initiate low back pain (such as bending, twisting, or sneezing) in asymptomatic individuals. It is understood that the patient's current pain at the time of discography may have been continuous, but it must have begun with a prior episodic nature.
Nonepisodic: Pain beginning with a gradual onset or pain developing after a specific event with continued symptoms. Periods of mild to moderate worsening were still considered nonepisodic.
The reviewers classified the patients into one of three historical categories:
1. Episodic 2. Nonepisodic 3. Unable to be classified based upon unclear or incomplete record
For each patient who underwent discography during the study period, a chart review was performed by two of the authors including one physician (either DC and DL or DC and SC). Each chart review was performed independently and blinded to the classification findings of the second reviewer. If the two investigators disagreed about a patient's classification, a third investigator review was performed. This reviewer was also blinded from the classification categories of the other investigators. The patient was categorized based upon the majority (two of three) classification unless all three were dissimilar, in which case the patient was categorized as unable to be classified.
Following the classification of the patient into one of three categories, episodic, nonepisodic, or unable to be classified, the results of discography were reviewed. This portion of the review was not blinded as the results of the procedure were clearly described. This portion was performed by DC and confirmed by DL.
The discography procedure was performed by two of the investigators (DL and SH). Both are board certified in physical medicine and rehabilitation, experienced discographers, fellowship trained in spine injections, and serve as instructors for spinal injection procedures at the national level. The procedural technique was performed in accordance with the Spine Intervention Society (SIS) guidelines including the use of manometry [4] . The authors' designation of a positive provocation response was based upon the operational criteria set forth in (SIS) guidelines to include unequivocal, definite, and probable discogenic pain [4] .
Patients' discs were categorized as follows:
Positive: Minimum criteria for a positive response, designated as "probable discogenic pain" by SIS [4]: a concordant pain response of at least 6 out of 10 on the numeric rating score (NRS) at a pressure of less than 50 PSI above opening pressure. A negative control disc adjacent to a positive level was required.
Negative: No pain, concordant pain response of less than 6 out of 10 on the NRS, or any nonconcordant pain response. No testing beyond 50 PSI above opening pressure was performed.
Indeterminate: Unclear response from the patient during disc stimulation regarding the severity of pain or whether pain was concordant.
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The reviewers classified each patient into one of three discography categories:
Positive: A patient's discography status was classified as positive if one or more discs were deemed positive on stimulation.
Negative: A patient's discography status was classified as negative only if all tested discs were negative.
Indeterminate: A patient's discography status was classified as indeterminate if all discs tested were considered indeterminate or any disc was considered indeterminate in the presence of all other discs testing negative. Alternatively, if one or more discs tested were considered indeterminate in the presence of a disc testing positive, the patient's discography classification for the review would be considered positive.
Patients were excluded if the record was unclear in regard to the historical characteristics of the pain. Patients were also excluded if they were under workers' compensation treatment, involved in a motor vehicle collision with pending litigation, had a history of prior lumbar spine surgery, were unstable on dynamic radiographs, or had an indeterminate discography classification.
Results
Seventy-eight patients underwent provocation discography over the four-year time period (Figure 1 ). Thirty-nine were excluded from the analysis for the following reasons: Fourteen patients were under workers' compensation insurance, one patient was radiographically unstable on flexion/extension radiographs, 10 patients had prior lumbar surgery, two suffered a motor vehicle collision with pending litigation, and 12 patients were excluded for unclear history regarding the nature (episodic or not) of their low back pain. No patient was excluded for indeterminate discography status.
Thirty-nine patients were included in the analysis (Tables  1 and 2) . Thirty-one patients had positive discograms, and eight were found to be negative using the Spine Intervention Society criteria [4] . Nineteen patients had a history of severe episodic low back pain, and 20 had no history of episodic LBP. Of the 19 with an episodic low back pain history, 18 had a positive discogram. Of the 20 without episodic low back pain, 13 had a positive discogram. See Table 3 .
Using the discography findings as the gold standard diagnosis and the history of episodic low back pain as the diagnostic test, the sensitivity is 58% (95% CI ¼ 41-75%) and the specificity is 88% (95% CI ¼ 65-100%). The likelihood ratio is 4.7 (95% CI ¼ 0.72-30). The positive predictive value (PPV), based upon a prevalence of 79% (discogram positive) in a sample of patients considering fusion surgery, is 95% (95% CI ¼ 72-100%). The diagnostic confidence odds are 18.2, with a diagnostic confidence of 95%.
Discussion
Early studies reported that the etiology of low back pain can only be determined in 10% to 20% of studied cases [18] [19] [20] [21] . However, more recent data showed that an etiology of low back pain can be found in the vast majority of low back pain patients referred to an interventional spine specialist [2] . The diagnostic test for discogenic low back pain is an invasive procedure that has been suggested to involve risk of harm to the discs that are being studied [5, 6 ]. In the current study, the sensitivity of using a history of episodic LBP as a test for discogenic LBP was only 58%, yet the specificity was quite high at 88%. Given the concerns of possible harm to the disc from the gold standard diagnostic test, this high specificity may be clinically very useful. The results of the current study demonstrate that if a patient reports a history of episodic low back pain, it is highly unlikely that the patient has an anatomic source of low back pain other than the intervertebral disc. If future research confirms our findings, further diagnostic testing for other sources of pain such as zygapophyseal joint or
Figure 1
Lateral fluoroscopic image during discography.
sacroiliac joint may be unwarranted in patients with a history of episodic low back pain.
The true measure of the utility of a diagnostic test lies in the diagnostic confidence of the test. This measure describes how confident one is that the results of the test are accurate. The diagnostic confidence odds are defined as the prevalence odds [which is prevalence/(1-prevalence)] multiplied by the positive likelihood ratio [which is sensitivity/(1-specificity)]. In our study, the diagnostic confidence odds are 18.2, which translates into a diagnostic confidence of 95%. This calculation is based on the assumption that the true likelihood ratio is 4.7. As the lower limit of the 95% confidence interval of the likelihood ratio was 0.72, the diagnostic confidence of the test could be lower. However, using the likelihood ratio value of 4.7, if a patient has a history of episodic low back pain, our data suggest that the practitioner can be 95% confident that the pain is discogenic in nature.
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an invasive (surgical) procedure. The authors do not advocate that practitioners rely solely on a history of severe episodic low back pain in order to determine patient selection for surgical fusion. However, it may be reasonable, in patients seeking a diagnosis without plans for an invasive treatment, to infer a discogenic etiology based upon this simple historical element. While a history of episodic low back pain cannot provide direct information on the level of disc pathology, it may be very useful in conjunction with single-level imaging pathology [10] [11] [12] [13] [14] [15] [16] .
Our findings may be applicable to future intradiscal therapies. Intradiscal regenerative treatments are currently being investigated as a potential treatment for discogenic low back pain, and recent studies have demonstrated encouraging early results [21] [22] [23] [24] [25] . Future studies will need a method of determining a discogenic etiology in their subjects. If our work is able to be replicated in higher-quality methodological studies that result in tightening of the 95% confidence intervals, it may be reasonable to consider forgoing the traditional diagnostic method (provocation discography) in patients with a history of severe episodic low back pain, particularly in those with single-level imaging pathology.
This is the first study to correlate a historic feature of low back pain with a specific anatomical structure. Interestingly, a recent publication has identified an association of severe episodes of low back pain (at least one month in duration) with Modic endplate changes [16] . Prior research has identified an association of Modic endplate changes with discogenic pain [3, [12] [13] [14] . The current study did not evaluate endplate changes, but this may be an area for future research.
There are several limitations of this study. Two independent reviews were performed for each chart, and the determination of whether the individual experienced episodic low back pain was made prior to reviewing the results of the discogram. Although the authors took these steps to limit investigator bias during the chart review, the retrospective nature may have introduced potential biases. However, there were no discordant findings regarding the episodic nature determination between the independent reviewers. Other limitations include the large number of patients excluded from the analysis and the small number of patients with a negative provocation discography result. Larger prospective studies are needed to confirm our findings.
Conclusions
A positive history of severe episodic low back pain may be a strong indicator that a patient's low back pain is discogenic in nature. Patients with a nondiscogenic origin of low back pain are highly unlikely to have a history of severe episodic low back pain. 
